Relatively few behavioral deficits are apparent in subjects with hereditary absence of the corpus callosum (CC). The anterior commissure (AC) has been suggested to provide an extracallosal route for the transfer of interhemispheric information in subjects with this congenital defect. Anterior commissure size, axon number, axon diameter, and neuronal distribution were compared between normal mice and those with complete CC absence. No difference in midsagittal AC area was found between normals and acallosals, nor were differences found in the numbers or diameters of myelinated axons. However, axon counts indicated an 17%increase or about 70,000 more unmyelinated axons in the AC of acallosal mice, and the mean diameter of unmyelinated axons was slightly less than in normal mice (0.24 vs 0.26 μm). This decrease in axon diameter enabled more axons to pass through the AC without increasing its midsagittal area. The topographical distribution of neurons sending axons through the AC, assessed with lipophilic dyes, was qualitatively similar for almost all the known regions of origin of the anterior commissure in normal and acallosal mice. There was a pronounced deficit of AC cells in the anterior piriform cortex of BALB/c mice, but this occurred whether or not the mouse suffered absent CC. Although the increase in AC axon number is far smaller than the number of CC axons that fail to reach the opposite hemisphere, the higher number of axons present in the AC of acallosal mice may contribute to the functional compensation for the loss of the CC.
INTRODUCTION
Congenital absence of the corpus callosum (CC) arises from a defect of the substrates that guide callosal axons across the telencephalic midline (30, 48) . Despite the absence of this large interhemispheric communication route, very few behavioral deficits are obvious either in mice (2, 28) or in humans (23, 33, 45) . This sparing of functions contrasts with effects of surgical transection of the CC in adult humans, often used in the control of epileptic seizure activity, resulting in a variety of perceptual, motor, and cognitive deficits (4, 14, 24, 49) . Although some recovery from the effects of transection in adult humans is apparent (22, 42) , this recovery does not lead to the same level of performance achieved in callosal agenesis. Persson (40) found no deficit in the transfer of information between hemispheres despite complete CC agenesis and therefore proposed that extracallosal pathways were used. It has been suggested that the anterior commissure (AC) acts as this route in humans (36) . Hypertrophy of the AC in acallosal patients has been reported in several different studies (8, 50) . Rauch and Jinkins (41) reported an increase in AC area in 10% of patients with callosal agenesis but a decrease in another 10% of patients.
Whereas the role of the AC in human CC agenesis remains uncertain, it is apparent that putative CC axons from dorsal cortex of mice with hereditary callosal agenesis are usually not rerouted through the AC (38, 39, 54) , although Lent (25) found a small number of neocortical axons in the AC of hamsters with surgically induced CC agenesis. Monotremes and marsupials have no corpus callosum and instead the anterior commissure is relatively larger than in eutherians, becoming the main interhemispheric route (6, 9) . However, this situation is not in any way an abnormality, and the topographical distribution of neurons with interhemispheric projections via the AC of marsupials is remarkably similar to the pattern that occurs via the CC in rodents.
If plasticity of anterior commissure development compensates to some extent for the congenital absence of the corpus callosum, it is possible that this could occur via an increase in axon number that also increases AC size or a larger number of smaller diameter axons that does not alter AC cross-sectional area. In either case, higher axon number could represent a greater density of AC projection neurons within the normal sites of origin or a topographical expansion of the zones of origin, most likely at the periphery of normal sites where there is overlap between fields of AC and CC neurons (31) . In this study we compare AC size, number of axons, axon diameters, and the distribution of commissural neurons between acallosal and normal mice using morphometric measurement, electron microscopy, and dye tracing techniques.
The inbred mouse strains BALB/c and 129 show incomplete penetrance (55) , such that only about 20% of the mice lack a CC. Littermate pairs of BALB/c mice, one with a normal CC and the other with a small or absent CC, have no significant difference in the cross-sectional area of the AC as seen with a lipid stain (54, 55) . It remains possible that expansion of the AC would occur in other inbred strains or perhaps hybrid mice that are better able to adjust their brain structures to accidents of ontogeny. We now report data from a total of 1305 mice involving more than eight different inbred and hybrid genetic backgrounds that were examined in the course of ongoing studies of the mode of inheritance of absent CC (44, 56, 57) . These data prove beyond reasonable doubt that AC size is not increased in the slightest amount when the CC is absent.
Gross morphometric size of a commissure is not a perfect indicator of axon number, and axon number can differ substantially between groups or at different ages, even though cross-sectional areas are similar (18) . Accordingly, we present here axon counts of the AC obtained using electron microscopy, taking care to compare acallosal mice with controls appropriate for their genetic backgrounds. The counts reveal many more unmyelinated axons in mice lacking a CC.
The normal rodent AC shows a somewhat different developmental pattern from that of the CC. Callosal projections are typically diffuse in the early postnatal period and then gradually are pruned to yield the patchy topographical pattern seen in the adult (7) . On the other hand, the AC forms prior to the CC in the embryo (48) and its transcortical projections are confined to specific sites from the outset (27) . For this reason, it would not be surprising to find that the surplus AC axons in CC agenesis represent a greater density at existing sites rather than occupancy of novel sites. Tracing AC axons to their cells of origin with lipophilic dye confirms this supposition.
METHODS

Experiment 1: AC Morphometry
Mice were reared in the laboratory according to standard conditions described previously (30, 56) . The inbred strains 129/ReJ and I/LnJ were obtained from the Jackson Laboratories, Bar Harbor, Maine, whereas BALB/cWah 1 mice were from the colony of D.W. at the University of Alberta. Twenty-three recombinant inbred lines derived from 129/ReJ and BALB/cWah1 had been inbred by full-sib mating for at least seven generations when these data were compiled (57) . Brains were also studied from an F 2 hybrid cross of BALB/cWah1 and 129/ReJ (56) as well as three crosses of BALB/ cWah 1 × 129/ReJ F 1 hybrids with I/LnJ (44) .
Brains were fixed with 4% buffered neutral paraformaldehyde either by intracardiac perfusion or immersion and then trimmed to a standard configuration (56) and weighed after at least 1 week in fixative. Most brains were bisected at the midsagittal plane and then one hemisphere was stained en bloc with the gold chloride method of Schmued (46) , although a few were sectioned at 30 µm, mounted on glass slides, and stained. The resulting image revealed all the major forebrain commissures and allowed rapid measures of cross-sectional areas and lengths with a video image analysis program (JAVA from Jandel Scientific). Care was taken to distinguish the CC proper from adjacent fiber tracts such as the longitudinal striae of Lancisius, the dorsal commissure of the fornix, and the fornix superior (56).
Experiment 2: Electron Microscopy
Animals. The F 2 hybrid offspring from hybrid 129CF 1 parents (129/J females × BALB/cWah1 males) and two recombinant inbred (RI) lines obtained from 129CF 2 pairings were bred and raised at the University of Alberta. The recombinant inbred lines were in the sixth generation of inbreeding (57) . RI-1 has complete absence of the CC similar to that seen in the strain I/LnJ (28, 55) , whereas RI-22 shows consistently normal callosal structure. We also examined a few normal F 2 offspring bred in Alberta from hybrid B6D2F 1 /J parents (C57BL/6J females × DBA/2J males) obtained from the Jackson Laboratories.
Histology and microscopy. Complete details of tissue processing are provided elsewhere (29) . Briefly, all mice were perfused intracardially with about 10 mL of 10 mM phosphate-buffered saline (pH 7.6) followed by 80-100 mL of 3% para formaldehyde, 1.5% glutaraldehyde, and 0.02% CaCl 2 in 0.1 M cacodylate buffer (pH 7.2). Brains were weighed and then 25-to 50-µm slices were cut sagittally with a DSK-1500E microslicer. Adjacent tissue was stained with gold chloride (46) to reveal gross commissure sizes, whereas several sections at the midsagittal plane were further fixed over-night at 4°C in 4% glutaraldehyde in 0.1 M cacodylate buffer. Sections were postfixed with 1% OsO 4 , 1.5% K 3 Fe(CN) 6 , and 0.02% CaCl 2 in 0. 1 M cacodylate buffer for 3 h, stained in 2% uranyl acetate (aq) in 0.1 M sodium acetate for 45 min and then dehydrated, infiltrated with a graded series of Epon 810, and cured for 48 h at 60°C.
Tissue blocks were trimmed to expose the anterior commissure and 1-µm-thick sections were cut using glass knives on a Reichert-Jung Ultracut E ultramicrotome and stained with toluidine blue O. Detailed tracings of the AC outline, distinguishing between the anterior (AAC) and posterior (PAC) limbs, were made from these sections at 400X. Thin sections (90 nm gold) were then cut using a DuPont diamond knife, stained for 2 h with 4% uranyl acetate (aq) and 1 min with Sato's lead citrate (aq), and viewed and photographed on a Philips 400 TEM at a magnification of 1800×. Fifteen photos were taken of the anterior part of the AC (AAC) and 10 photos were taken from the posterior part (PAC), each at the approximate middle of the grid pore, and the selected grid pores were evenly spaced across the AC, while avoiding the AC edges, the junction between AAC and PAC, and tissue damage.
Axon counts and measurements. Axon counts and diameters were determined from 20 × 25-cm photo-graphic prints from the approximate middle of each negative to yield a final enlargement factor of 16,500×, which gave an unmyelinated axon of 0.25 µm diameter an image 4 mm wide in the print. A 15 × 20-cm counting region was outlined in the middle of each print, and the number of myelinated and unmyelinated axons within the outline was counted. Of the axons touching the border of the template, only those touching the top or left border were included in the count. Axon diameters were measured separately for myelinated and unmyelinated axons using two different 15 × 20-cm templates with fine wire producing a grid with 12 intersection points. A coin toss was used to determine which template was to be used for myelinated and unmyelinated axons, and this template was placed over the outline used earlier for counting. The diameter of the axon closest to each grid intersection was measured. The diameter of nonspherical cross-sections was considered to be the largest distance across the shorter of the axon's outline dimensions. All counts and measures were done without knowledge of the mouse's identity or CC status. Axon counts were extrapolated to the appropriate total area in the Epon section to estimate total axon number.
Statistical analysis. Data were analyzed using multiple regression with effect coding to test three orthogonal (tolerance ≥ 0.97) main effects: (a) corpus callosum presence (129CF 2 acallosal and RI-1 mice vs 129CF 2 normal and RI-22 mice), (b) genetic background (129CF 2 vs recombinant inbred), and (c) normal versus abnormal strains (B6D2F 2 hybrids vs the four groups derived from BALB and 129). The strain effects (b and c) were included as statistical controls but could not be interpreted unambiguously because the groups differed in age ( Table 2) . Because of the relatively small sample size, it was not feasible to evaluate interactions with adequate power (53) , although the data were inspected for signs of strain-specific effects. Only effects significant at substantially less than α = .05 were considered worthy of attention.
Experiment 3:Distribution of AC Commissural Neurons
The distribution of AC neurons during postnatal development was described using 11 normal B6D2F 2 or F 3 animals, 10 BALB/cWah1 mice, and 11 C129F 3 mice (the F 3 hybrid between BALB/cWah1 and 129/ReJ). Good quality staining was obtained from at least 1 animal of each group at postnatal ages P1,P5, and P14, and additional normal hybrids were observed at P0 and P20. Each pup was perfused intracardially using 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The brains were then extracted from the skull and bisected at the midsagittal plane. Each hemisphere was transilluminated with a fiberoptic light positioned in order to differentiate the AC by its refringency from the surrounding tissue. With the aid of a stereomicroscope, a small crystal of DiI (1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate, Molecular Probes) was inserted in the middle of the AC using the tip of a fine dissecting pin (27) . After dye insertion, the hemispheres were placed in fresh fixative and stored in the dark at room temperature for 4 to 16 weeks, depending on the age of the pup. The hemispheres were then embedded in a mixture of gelatin and albumin hardened with a few drops of 25% glutaraldehyde. Coronal sections were cut at 100 µm using a vibratome and then counterstained using DAPI (4',6-diamidino-2-phenylindole dihydrochloride, Molecular Probes), mounted on gelatinized glass slides out of 1% buffered paraformaldehyde, coverslipped, and sealed with nail polish. All sections were analyzed using a Zeiss Axioplan fluorescence microscope equipped with filters for rhodamine for observing DiI. The motorized stage of the microscope was connected to a microcomputer equipped with software for 2D reconstruction (Morfo v1.2, Programa Avanc¸ado de Neurociincias, UFRJ). Selected sections were charted or photographed for documentation.
RESULTS
Experiment 1: AC Morphometry
In normal hybrid mice that never have defects of forebrain commissures, the CC, hippocampal commissure (HC), and AC are all larger in larger brains, as shown in Fig. 1 for the B6D2F 1 and F 2 hybrid crosses of the inbred strains C57BL/6J and DBA/2J. Consequently, we have used these normal animals to construct an index of abnormality for commissure size in relation to brain weight (57) . First, the regression equation of commissure size versus brain weight was estimated for the normal hybrids, which requires slightly different equations for weanling and adult mice (see Fig. 1 
if the brain weighs 500 mg, the expected CC size is E(CC) = -0.1 + 2.2(0.5 g) = 1.00 mm 2 . The index of abnormality is the ratio of the actual commissure area to the expected area. If the CC is totally absent the index will be 0, whereas it should be close to 1.0 for a normal brain. In the B6D2 sample the range is from about 0.7 to 1.3; hence a mouse from another strain with an index less than about 0.65 would be considered statistically abnormal.
Absence of the corpus callosum occurs in the embryo and is preceded by retarded formation of the hippocampal commissure (30) . If HC formation is sufficiently delayed, many putative HC axons continue growing ipsilaterally and the adult HC at midplane is remarkably small (HC index < 0.65). This condition occurs only when the CC is totally absent. It appears that CC absence and deficiency of the HC are part of the same process of retarded fusion of the telencephalic midline, deficient HC being a more extreme form of the defect. By averaging the CC index and the HC index, the combined CC + HC index yields a value near 0.5 for normal HC but no CC, whereas a value less than 0.3 indicates totally absent CC and abnormally small HC. The question of whether the AC is enlarged when the CC or even the HC is reduced can thus be answered by comparing the AC index with the CC + HC index. In the normal B6D2 hybrid mice there is a positive and significant correlation between these two indices ( Table 1 ), meaning that some animals tend to have larger commissures independently of their brain sizes. On the other hand, if an enlarged AC compensates to some extent for absent CC or perhaps even reduced HC, the correlation should be negative. Figure 2 shows the relation between the AC index and CC + HC index for six groups of mice that suffer absent CC and reduced HC with various frequencies. The linear relations between the AC and CC + HC indices are summarized in Table 1 . Three of these groups are genetically uniform inbred strains where the defect shows various degrees of incomplete penetrance. In the BALB/cWah1 (Fig.2a) and 129/ReJ (Fig. 2b) strains, about 15 to 20% of mice have no CC but only 4% show small HC, whereas in I/LnJ (Fig. 2c) 100% lack a CC and about 60% have reduced HC. The F1 hybrid of BALB/cWah 1 and 129/ReJ is almost entirely normal, which suggests that these strains differ at two or more genetic loci (55, 57) . However, their F 2 hybrid (Fig. 2d) has abundant genetic variation and expresses a high frequency of absent CC as well as about 15% reduced HC (56).
Recombinant inbred lines (Fig. 2e) formed from this F 2 hybrid show an even higher frequency of absent CC and reduced HC because the defects are recessive and inbreeding increases the expression of recessive characteristics. Indeed, three new recombinant inbred lines have emerged that express 100% absent CC and almost always suffer reduced HC, a phenotype that is more severe than the inbred strain I/LnJ (57). Finally, Fig.  2f presents data from three crosses of a BALB/cWah1 × 129/ReJ hybrid with the I/LnJ strain (44) , where the crosses differ in the proportion of the I/LnJ alleles at each relevant locus. As shown previously (28) , the higher the proportion of I/LnJ alleles, the more common is absence of the CC.
The linear regression equations plotted in Fig. 2 and described in Table 1 prove conclusively that the AC is not enlarged when the CC is absent or even when the HC itself is reduced. This conclusion is based on 1305 mice from several genetic backgrounds. In no group does the linear relation between AC index and CC + HC index reach an adequate level of statistical significance, and the proportion of variance in AC index -accounted for'' by the CC + HC index never exceeds 2%. When the CC is absent and the HC is reduced, there is no noteworthy increase in AC size.
Experiment 2: Electron Microscopy
Useful data were obtained for 15 mice, 6 of which had no CC ( Table 2) . Differentiation between the AAC and PAC was facilitated by increased myelination in the AAC (51; see Figs. 3a and 3b) . The external border of the AC was defined by an abrupt decrease in the presence of axons or by the presence of longitudinal axons of the dorsal stria (5). In both normal and acallosal brains, distinct and very dense fields of unmyelinated axons were seen in certain areas around the perimeter of the AC (see Fig. 3c ), and they often overlapped the border between AAC and PAC. These axons were probably part of the commissural division of the stria terminalis which crosses midline in close association with the AC (5), and they were not included in the area measurements or axon counts.
In a preliminary analysis, no significant effects of sex were found (P > 0.05). Although the small sample sizes were inadequate to exclude a small effect of sex, males and females were pooled for further analysis. Normal and acallosal mice in the F2 and RI groups did not differ significantly in brain weight or midsagittal AC ,AAC, and PAC areas, but HC area was substantially reduced in the acallosals (P < 0.0001).
Reliability of axon counts. Two series of axon recounts on new photographic prints were made blind by the original counter (P.M.S.) to determine the reliability of the counting protocol. In 15 prints, recounts were performed using the same area outline to determine if the criteria used to differentiate between axon types and extracellular material were reliable. In another 15 prints, the area outline from which the counts were made was moved to a different location of the photograph. Count versus recount correlations for myelinated and unmyelinated axons all exceeded r = 0.97 in both sets of 15 recounts. Axonnumbers. The total number of AC axons in the acallosal animals was 17% higher than in the normal animals (534,000 vs 457,000; P = 0.0004), but this difference was specific for the unmyelinated axons, which were 21% more abundant (426,000 vs 354,000; P = 0.00005, see Table 3 ). Because the anterior (AAC) and posterior (PAC) limbs of the AC originate from different sites (16) , it is possible that axon number may be influenced by CC absence in only one of these areas. The differences found in the AAC were similar to those found in the total AC. Acallosal animals had 26% more unmyelinated axons in the AAC (195,000 vs 155,000; P = 0.0003). In the PAC, there was no significant difference in myelinated axon number between the acallosals and normals, but acallosal mice had 16% more unmyelinated axons (233,000 vs 200,000; P = 0.008), an effect that was pronounced in the RI strains but not the F 2 mice.
Axondensities. Axon density, calculated as the number of axons in a 1 000-µm 2 zone of gold chloride-stained commissure, adjusts for any possible effect of commissure area on axon number. Acallosal mice had a 33% higher density of unmyelinated axons than normal mice (P = 0.005), whereas no differences in myelinated axon density were apparent ( Table 3 ). The effect of CC absence on unmyelinated axon density was clearly present in the AAC but less so in the PAC.
Axon diameters.
There could be more axons in the AC of acallosal animals without a corresponding increase in AC size if their diameter is reduced. Unmyelinated axon mean diameters (Table 3) were indeed slightly lower in the acallosal animals in the entire AC, involving both the AAC (P = 0.02) and the PAC (P = 0.04), whereas no noteworthy differences were found in the diameters of myelinated axons. A relatively high proportion of axons was of smaller diameter and, as reported by Sturrock (51) , no axons less than 0.24 µm in diameter were myelinated; however, about 4% of the unmyelinated axons were larger than 0.6 µm, the largest being 1.5 µm.
Experiment 3: Distribution of AC Commissural Neurons
The distribution of labeled AC neurons in B6D2F 2 and F 3 animals was compatible with previous descriptions in other rodents (16, 27) . In short, labeled neurons were found in the anterior olfactory nucleus, anterior and posterior piriform cortex, olfactory tubercle, perirhinal cortex, agranular insular area and temporal cortex, and amygdaloid nuclei. Apart from a small sector of temporal cortex (13) , no labeled cells were seen in neocortical regions. The distribution of AC-labeled neurons in BALB/cWah1 and C129/F 3 mice was similar to that of B6D2F 2 and F 3 , except for the anterior piriform cortex. In 16 of 21 of these animals, there was a marked decrease in the number of commissural cells within the anterior piriform cortex, and 5 animals showed total absence of labeled neurons (Fig. 4) . Surprisingly, the commissural hypoplasia in the anterior piriform cortex was not related to the callosal deficit; rather, it appeared in almost all animals of BALB/cWah1 and C129/F 3 genotypes. The commissural zones of origin other than the anterior piriform cortex presented com-parable numbers of labeled cells in the three strains, indicating that the results cannot be ascribed to technical uncertainties such as insufficiency of diffusion time and incomplete labeling.
DISCUSSION
These results clearly show a large increase in the number of axons in the anterior commissure of acallosal mice. Although this increase was specific for unmyelinated axons, it was found in both the anterior and the posterior halves of the AC. The increase in the number of unmyelinated axons was accompanied by a decrease in the diameter of these axons, resulting in no net increase in AC size. Although there was a strain-specific deficit of neurons projecting from the anterior piriform cortex through the AC, this was unrelated to absence of the CC. The distribution of AC cells of origin was remarkably similar in acallosal mice and their within-strain normal controls.
The substantial increase seen in unmyelinated AC axon number is far less than the number of interhemispheric axons lost due to the absence of the corpus callosum. Extrapolating the number of callosal axons in the rat (12 million in 2.563 mm 2 , Ref. 10) to the mouse provides an estimate of 3.5 million in B6D2F 2 mice and 4.3 million in 129CF 2 mice. A rough estimate of callosal axon number based on electron microscopy is 7.1 million in a 42-day-old female B6D2F 2 mouse (unpublished observation by D.J.L.). The increase in unmyelinated axons through the AC may help to compensate for this loss of callosal axons by improving the efficiency of information transfer between the hemispheres in the acallosal animals. However, the large net loss in commissural axon numbers, particularly myelinated axons, may explain the increased time required for information transfer between hemispheres (34) and the decreased coupling of cortical activity in acallosal mice (37) .
The origin of extra AC axons remains uncertain. No evidence was obtained by DiI labeling of rerouting by putative callosal axons through the anterior commissure, supporting previous findings with other tract tracing methods (38, 39, 54) . All labeled axons were traced back to normal sites of AC origin and there appeared to be qualitatively normal numbers of labeled cells except in the anterior piriform cortex. This plasticity in the number of AC axons, associated with normal and even subnormal numbers of commissural cells, may result from transient branching of fibers within the AC, as shown for the hamster CC (17) . Alternatively, the results could be explained by a decrease in the amount of axon elimination after an initial period of overabundant proliferation. Axon elimination following a period of rapid axon production during early development has been shown in the corpus callosum of the rat (10), cat (1), and monkey (20) . Similarly, a developmental elimination of AC axons has been reported in monkeys (21) and opossums (3). However, in both rats (11) and hamsters (27) this elimination of AC axons was not apparent, which may have been due to a simultaneous production and elimination of axons resulting in no net change in axonal number. Alternatively, the AC in primates and marsupials is mainly of neocortical origin, while in rodents the AC is mainly of paleocortical origin, and therefore the occurrence of axon elimination may be a developmental strategy that is more typically employed by the neocortex (26, 27) . In fact, a small number of transient, bicommissural neurons has been detected by double labeling in developing hamsters (12) , encompassing a transitional region of the lateral cortex whose axons bifurcate and project both through the CC and through the AC. It is likely that one of these branches is eliminated postnatally in normal animals, because these kinds of neurons are no longer seen in later ages. Conceivably, absence of the CC would favor the survival of the AC branch, thereby increasing the number of axons in this commissure.
In the mouse, the midsagittal area of the AC increases rapidly during development until about 6 days after birth (52) . Callosal absence is not determined until very late in gestation, about E19 in BALB mice (55) , and therefore well within the period of rapid AC growth. Sturrock (51) found that myelination of AC axons starts at about P8-P9 in mice and continues rapidly to about P50. During this time, the size of the AC remains relatively stable; although there is a doubling of axonal diameter due to myelination, which occurs in 12% of axons in the PAC and in 27% of axons in the AAC, there is also a gradual decrease in axon number from P11 to P25 (51) . This suggests that the mouse also undergoes an elimination of AC axons during normal development, and it is possible that the number of axons eliminated is reduced when the CC is absent.
The anterior commissure provides interhemispheric transfer of visual, auditory, olfactory and mnemonic information in animals (19) and humans (43, but see 32). Although similar functions are performed by the corpus callosum, cortical areas served by these two commissures have in some cases been found to be distinct (58) . The unique use of the anterior commissure as an extracallosal commissural pathway would probably not provide the level of compensation generally seen in acallosals, and it seems likely that the use of several other commissures is also enhanced (35) . Subcortical pathways are involved in the transfer of visual information (47) .An increased bilateral representation of function in the brain, an increased use of ipsilateral pathways, and the use of behavioral cross-cuing have also been proposed to compensate for absence of the CC (15) . No one form of compensation appears to be sufficient to explain the extent of recovery of function displayed in acallosals, and several mechanisms maybe involved. These maybe accompanied by a general reorganization of cortical communication to improve the efficiency of interhemispheric transfer without major rerouting of axons over long distances.
